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Before DALE M. SHAW Chief Appeals Administrator. 
SHAW, Chief Appeals Administrator. 

This application was received electronically at the Board of Patent Appeals and 
Interferences on April 9, 2008. A review of the application has revealed that the 
application is not ready for docketing as an appeal. Accordingly, the application is 
herewith being returned to the examiner. The matter requiring attention prior to 
docketing is identified below: 



Application No. 09/996,244 



On September 27, 2007, an Examiner's Answer was entered into the record. 
On page 3 of the Examiner's Answer, the examiner cites "Jimenez- Vazquez, "Hot- 
atom incorporation of tritium atoms into fullerenes, 'Chemical Physics Letters," 
21 October 1994, pp. 1 1 1-1 14" and Bolz et al. "CRC Handbook of Tables for 
Applied Engineering Science, published by the Chemical Rubber Co., p. 390 (1970) 
as prior art. However, copies of the references are missing from the electronic file. 

Accordingly, it is 

ORDERED that the application is returned to the Examiner: 

1) to enter the missing references into the electronic file; and 

2) for such further action as may be appropriate. 

If there are any questions pertaining to this Order, please contact the Board of 
Patent Appeals and Interferences at 571-272-9797. 
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Abstract 

We have used classical hot-atom chemistry to put tritium atoms inside fullerene molecules. The tritium is generated in a 
nuclear reactor wuh the react-on «Li(n, a)'H. The ho. tritium atom slows down a „d can end up being thc^aS nside 
fuUerencwer^ustrap^^ 

utg a small tntmm actmty. After some time, the sample is analyzed with a sensitive mass spectrometer and >HeTs found on 
heating above 400'C, showing that the tritium had decayed leaving the 'He trapped inside tnTfunerene 



The fullerenes are closed 'cages' [ 1 ] with cavities 
large enough to contain atoms. Groups at Rice [ 1 -3 ] 
and IBM (4,5] have been able to generate small 
amounts of metal-containing fullerenes although it 
has been extremely difficult to separate and isolate 
pure substances. Schwarz and co-workers [6-8 ], and 
others (9], have reported the generation of He@Q, 
through collision of Q, with helium, in a mass spec- 
trometer. No material could be isolated in these ex- 
periments. We have recently reported [10-12] that 
it is possible to introduce the noble gases, He, Ne, Ar, 
Kr, and Xe into both Qo and C 70 by heating them at 
around 600°C in an atmosphere of the corresponding 
gas. Hundreds of milligrams of material were ob- 
tained with noble gas atoms incorporated in about 
one out of a thousand molecules. This method is un- 
likely to incorporate tritium atoms into fullerenes, 
since it would be difficult to produce tritium atoms 
at the same time as bonds are broken in the fullerene 
to admit them to the inside. 

An alternative is hot-atom chemistry [13]. An 
atom is generated at high energies by a nuclear reac- 
l 'on. It loses energy by ionizing molecules and by 



breaking bonds. Before it becomes fully thermalized, 
it can react at energies of several electron volt to form 
stable molecules by way of reactions that are ther- 
mally impossible. If the atom is radioactive, it can be 
detected in extremely small amounts. We chose tri- 
tium ( 3 H) because it can be made easily, has a con- 
venient half life (12.3 yr), and is easy to handle and 
detect. Tritium is generated at an energy of 2.7 MeV 
by the nuclear reaction 

6 Li+'n-« 5 H+ <, He+4.8MeV, 

wherejrusj uhemahi ieutron. The products have high 
kinetic energy, but will rapidly lose it in condensed 
media ultimately passing through the energy range 
where some of the 4 He and 3 H produced could pene- 
trate fullerene molecules and be trapped. We there- 
fore needed to prepare a sample containing Li and 
f ullere nes, and expos e it to neutron irradiat ion. 

We prepared a lithium salt of the fullerenes to en- 
sure intimate contact between the lithium atoms 
(ions) and the fullerene molecules. One very impor- 
tant consideration in planning the experiment is to 
limit the radiation damage to the sample. If the total 
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amount of energy released (4.8 MeV/T) exceeds 
about 1 eV/fullerene molecule, all the fullerene will 
be destroyed. This means that the amount of lithium, 
the irradiation time, and the neutron flux must be 
carefully controlled. We used the commercial mix- 
ture of Qo/C 7 o, provided by either Aldrich or Texas 
Fullerenes. Two methods of making the lithium salt 
were tried. We first made the hexalithium salt as de- 
scribed by Olah and co-workers [14]. They used a 
large excess of lithium. The fullerene polyanions were 
generated by sonicating 20 mg of Li with 20 mg of 
fullerenes (a 100-fold molar excess) in dry tetrahy- 
drofuran (THF). The LijQso salt dissolves in the 
THF. The solution is filtered, transferred to the silica 
irradiation ampoule. The solvent is then removed, the 
ampoule is then evacuated and sealed off. The reac- 
tion is difficult because it requires three phases, since 
neither Li nor fullerenes dissolve in THF. The whole 
operation must be done in a dry box in the absence 
of oxygen and water. We then tried the dilithium salt. 
We started by making the radical-anion of naph- 
thalene in dry THF using one equivalent of lithium, 
one equi valent of naphthalene, and sonication. After 
the lithium naphthalenide was ready, the solution was 
transferred to another flask containing 0. 1 equiva- 
lents of the fullerene mixture dissolved in an equal 
volume of dry benzene. All of this was done under 
inert (Ar) atmosphere. The solution was slowly 
transferred to a fused silica tube, where the solvent 
was evaporated using heat and a constant flow of ar- 
gon. After all the solvent was gone, the tube was evac- 
uated for several hours using a diffusion pump, in or- 
der to remove as much naphthalene as possible. 

The ampoule was made of fused silica in order to 
avoid exposure of atoms other than Si, O, C, and Li 
to the neutrons. This prevents the formation of other 
radioactive isotopes. Pyrex contains both Na and B 
which absorb neutrons. The samples were sent to the 
Brookhaven National Laboratory, where they were 
irradiated in the Medical Reactor for 30 s with a low 
neutron flux of 1 .5 X tO 12 n/cra 1 s. Most reactors have 
a flux which is more than sufficient to destroy the 
sample in the minimum practical irradiation time. 
After irradiation, the ampoules were opened and the 
contents neutralized with aqueous acid. The material 
was then extracted with toluene and purified by chro- 
matography using a column of neutral alumina. A 
large fraction of the sample was insoluble in both 



water and toluene. This insoluble tar was presumed 
to be a polymer of fullerene formed by radiation 
/ damage. Indeed, in the first two samples that we ir- 
radiated, we naively assumed that fullerenes were ro- 
bust and would tolerate a large amount of radiation. 
The entire sample was insoluble tar. The chromato- 
graphed samples were then counted in a liquid scin- 
tillation counter using Opti-Fluor as the scintillation 
^ cocktail. Although the activity was a few times the 
background level, it persisted after the sample was re- 
fluxed in water and toluene. 

This result supports the hypothesis that tritium i« 
strongly bound to the fullerene. However, it does noi 
prove that the tritium is inside the fullerene mole 
cule. Tritium could form a bond to the outside of th< 
fullerene. How could this possibility be excluded? I 
the tritium were bound to the outside of Q 0 , the 'H< 
generated by its radioactive decay would be lost 
However, if the tritium were inside, the 3 Hc wouk 
be trapped, since almost all of the energy released it 
the p decay goes into the electron and the antineu 
trino. Furthermore, if most or all of it were inside 
the number of helium atoms formed could be pre 
dieted from the decay of the tritium during the tim 
the sample was stored. A comparison between the e* 
timated and the observed amount of 3 He would thei 
reveal where in the fullerene the tritium was. 

The sample was stored for 1 5 months, after whic 
it was once again chromatographed, because we nc 
ticed that some of the sample had developed insok 
ble material. This lime, however we carried out th 
chromatography using norite-A and toluene [15].. 
solution (0.25 ml) of this material (C w ) with a cor 
centration of 2.1 x 10~ 4 g/ml had a tritium activii 
of 35 counts per, minute (cpm) including a bad 
ground count of 23 cpm. The efficiency of the scinti 
lation counter was estimated to be around 58% r 
measuring -the activity of a tritium standard. Th 
number of disintegrations per minute (dpm ) for th 
material was therefore 390 dpm/mg. The original a 
ti vity of C M at the time of irradiation was 420 dprr 
mg. The number of tritium atoms that decayed ov> 
1 5 months is 2.7 x 1 0* atoms/mg of sample. 

We also analyzed a sample of 0.57 mg of the mat 
rial for 3 He using mass spectrometry as described 
our previous paper [10]. The tritium-doped C w w 
heated in steps, and the total amount of 3 He releas. 
was measured, see Table I. The amount of J He 
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Table 1 
Release of He 



Time Temp 'He 4 He 

< min > CO (IO- ,J cc/mg) (IO- ,J cc/mg) ( lO 1 ' 1 cc/mg) 



He 



60 220 735 870 

60 400 2751 2630 

80 550 1886 2280 



210 ,.j 
193 4.4 
140 5.2 



90 TOO 2509 40175 t2 3 , 05 



* R is the ratio of 4 He to "Ne divided by the ratio found in air. 



roughly three orders of magnitude above back- 
ground. As we showed previously [10], fullerenes, 
made in an arc with a low pressure of helium, contain 
small amounts of 4 He. The amount seen here, 
4.8xl0~ 8 cmVmg, is comparable to the amount 
found previously, 3.5 X I0" 8 cm 3 /mg. The Ne is evi- 
dently an atmospheric contaminant and is on the 
outside of the fullerene, since it comes off at low tem- 
peratures. At low temperatures the ratio of 4 He/"Ne 
is comparable to that found in air. Each milligram of 
this material contained a total of 7.9 X 10"' J cm 3 of 
J He (at STP). Therefore, each milligram of the ma- 
terial contained 3.2x lO" 16 mol of J He or 1.9x 10 8 
atoms of 'He. This is within 30% of the amount ex- 
I peeled considering the radioactivity measurement 
' and the storage time. Roughly one molecule in 4x 10* 
I contains a tritium atom. 

The fact that the two numbers are similar, strongly 
suggests that there is indeed tritium incorporated in- 
side the Ceo, and that, when it decays, the 3 He atom 
remains trapped in the inside. There are several rea- 
sons for the disagreement between the two numbers. 
We do not know how much the C w cage can shield 
the emission of a f3 particle. The scintillation fluid that 
we used for our samples was not the same as that used 
in the tritium standard, making it difficult to obtain 
a good efficiency factor for the scintillation counter. 
Finally, as the tritium decays, some of the 3 He atoms 
might have enough energy to escape from the Qq cage. 

We attempted to repeat the mass spectrometric 
analysis using another aliquot of the sample. During 
the time between preparing these aliquots we were 
engaged in preparing heavily labeled samples of ful- 
lerenes with up to 0.2% of 3 He inside [ 11,12]. The 
first tritium-labeled sample was prepared before we 
were making fullerenes labeled with 3 He. The second 
aliquot showed a hundred times the amount of 3 He 



as the first. It had evidently become contaminated 
during preparation. At an incorporation level of 0.2% 
only 7x 10" 15 g of C M is required to give the mini- 
mum sensitivity of 1 Q* atoms of 3 He and 6 x 1 0~ " g 
is equivalent to the entire first aliquot. 

One can further speculate on the state of the tri- 
tium inside C«>. If the 3 H atom enters a Qo molecule 
and binds to one of the carbon atoms, then the mol- 
ecule is a radical which can react with other mole- 
cules, including fullerenes. This might account for 
some of the decomposition products, which might be 
some form of polymer. If the radical abstracts a hy- 
drogen atom, a dihydro product is formed. However, 
this second process must occur outside the cage. Such 
a dihydro compound might chromatograph along 
with Qo, at least at low resolution. One might expect 
that the external hydrogen might be removed in strong 
base to produce an anion. The formation of the C-T 
and C-H bonds destroys two aromatic rings and se- 
verely puckers the surface of the fullerene. Both of 
these effects cost an appreciable amount of energy. 
Another possibility is that the tritium is unbound, 
simply trapped as an atom inside the fullerene cage. 
The species would be a free radical but might be 
unreactive. 

We are grateful to the National Science Founda- 
tion for supporting this research under grants CHE- 
9023579, CHE-9204343. and CHE-931243. We are 
grateful to Professor Francois Diedcrich for supply- 
ing us with our first sample of fullerenes for this 
experiment. 
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